BACKGROUND/OBJECTIVES: Recent findings have highlighted the detrimental influence of maternal overnutrition and obesity on fetal development and early life development. However, there are no evidence-based guidelines regarding the optimal strategy for dietary intervention before pregnancy. SUBJECTS/METHODS: We used a murine model to study whether switching from a high-fat (HF) diet to a normal-fat (NF) diet (H1N group) 1 week before pregnancy could lead to in utero reprogramming of female offspring obesity; comparator groups were offspring given a consistent maternal HF group or NF group until weaning. After weaning, all female offspring were given the HF diet for either 9 or 12 weeks before being killed humanely. RESULTS: H1N treatment did not result in maternal weight loss before pregnancy. NF offsprings were neither obese nor glucose intolerant during the entire experimental period. H1N offsprings were most obese after the 12-week postweaning HF diet and displayed glucose intolerance earlier than HF offsprings. Our mechanistic study showed reduced adipocyte insulin receptor substrate 1 (IRS1) and hepatic IRS2 expression and increased adipocyte p-Ser 636/639 and p-Ser 612 of H1N or HF offspring compared with that in the NF offspring. Among all groups, the H1N offspring had lowest level of IRS1 and the highest levels of p-Ser 636/639 and p-Ser 612 in gonadal adipocyte. In addition, the H1N offspring further reduced the expression of Glut4 and Glut2, vs those of the HF offspring, which was lower compared with the NF offspring. There were also enhanced expression of genes inhibiting glycogenesis and decreased hepatic glycogen in H1N vs HF or NF offspring. Furthermore, we showed extremely higher expression of lipogenesis and adipogenesis genes in gonadal adipocytes of H1N offspring compared with all other groups. CONCLUSIONS: Our results suggest that a transition from an HF diet to an NF diet shortly before pregnancy, without resulting in maternal weight loss, is not necessarily beneficial and may have deleterious effects on offspring.
INTRODUCTION
The rapid rise in obesity and associated diseases throughout the world is having a major impact on human health and health-care resources. In 2008, 68% of the adult population in the United States was reportedly overweight or obese. 1 In 2012, 16 .9% of US children and adolescents were obese 2 and nearly 50% of women of childbearing age were overweight or obese. 3 The demographic shift toward a more obese phenotype in just one or two generations is not likely supported by a major genetic contribution, but rather is primarily attributable to environmental or epigenetic mechanisms. It is now well established that in utero and early life exposure to under-or overnutrition can disrupt normal growth and development and change offspring phenotype to one that might lead to disease in the future. [4] [5] [6] [7] [8] This concept is known as the developmental origins of health and disease. [9] [10] [11] [12] Unlike initial studies that focused on the effects of maternal undernutrition, such as a diet low in protein or calories, recent studies have more targeted maternal overnutrition such as a highfat (HF) diet, which reflects the dietary habits of Western society and one of the major causes for obesity. Retrospective studies have indicated that babies exposed to overnutrition during gestation have higher risks of developing obesity, diabetes and other complications in adult life. [13] [14] [15] [16] In animal models, offspring of mothers exposed to overnutrition have common phenotypes that include catch-up growth, increased adiposity, impaired glucose tolerance, impaired insulin sensitivity and liver dysfunction. 5, [17] [18] [19] [20] Therefore, it is suggested that prevention of obesity may need to begin before pregnancy, [21] [22] [23] [24] [25] and thus there is an emerging need to evaluate the impact of maternal diet structure on offspring obesity and the risk of associated disorders.
Women of childbearing age are recommended to adopt a healthy lifestyle, composed of regular physical activity, ideal prenatal diets and avoidance of harmful practices, to optimize pregnancy outcomes. 26, 27 It is important that obese women or women who have been on long-term unhealthy Western-style diet select the ideal diets, before and during pregnancy, that limit overconsumption for the mother and prevent undernutrition for the fetus. 28 However, according to the 2010 Dietary Guidelines for American, there are no guidelines that doctors and registered dietitian nutritionists could follow to help these women transit to a healthy diet strategy that meet the special needs of the mothers and the fetus. There are also no human study and very few animal studies aiming on evaluating the impact of multiple prenatal diet practices on pregnancy outcomes for obese/overweight mothers. In a recent mouse study, obese mothers were switched from an HF diet to a low-fat diet starting before the second pregnancy and maintained this diet until the third pregnancy. 29 Interestingly, unlike the pups from the first and the second pregnancy, offspring from the third pregnancy had normal body weight and did not increase neonatal adiposity; this finding suggests the possibility that a simple diet intervention such as switching from an HF diet to a low-fat diet before pregnancy can reduce the risk of offspring obesity and thus serve as a possible prevention strategy.
In the current study, we used a murine model to study whether switching the maternal HF diet to an NF diet 1 week before pregnancy could lead to in utero reprogramming of offspring and thus prevent or promote offspring obesity.
RESEARCH DESIGN AND METHODS

Study design
The study design is shown in Figure 1a . Three-month-old female and male mice were fed either the control diet (NF, 10% fat) or the HF diet (60% fat) for 9 weeks before conception. The breeding pairs given the HF diet either continued this diet throughout gestation and lactation (the HF group) or were switched to an NF diet 1 week (the H1N group) before conception and continued this diet throughout gestation and lactation. The offspring were therefore members of one of three groups: the NF group, the HF group or the H1N group. After weaning, the female offspring were given the HF diet for 9 or 12 weeks and then humanely killed. The female offspring of the NF mothers served as a control group in the evaluation of the metabolic response of offspring to maternal diets in later life. Another group of offspring (the CTL group), which were fed the control diet and were born to breeding pairs given the control diet, served as the reference group to show the normal ranges for a given characteristic. Body weight and food consumption of the offspring and the mother were recorded once every week during the experimental period. Figure 1 . H1N female offspring were more obese and had glucose intolerance after 9 weeks on postweaning HF diet. (a) Diet protocol used in the study is presented in this scheme of study design. (b) Body weight of female offspring from wean to week 12. H1N offspring significantly gained body weight from week 9 to week 12, compared with any of the other groups. Result is presented as mean ± s.e., n = 7 to 11. (c) Tissue (subcutaneous fat, gonadal fat and liver) weight of female offspring at week 12. H1N offspring and HF offspring had significantly larger gonadal fat and subcutaneous fat than either NF offspring or CTL offspring. Weight of liver was not different among all four groups. The result are presented as mean ± s.e., n = 4-11. Significance (P o0.05) is presented by different characters comparing among treatment groups in each tissue. (d) Weight of gonadal adipose tissue of HF and H1N offspring at weeks 9 and 12. H1N offspring, but not HF offspring, gained a significant amount of gonadal fat from week 9 to 12. The results are presented as mean ± s.e., n = 4-6. Significance (Po0.05) is presented by different characters comparing among treatment groups in each tissue. (e) At week 9, H1N offspring had impaired insulin response, compared with CTL offspring (P = 0.028) or NF offspring (P = 0.032). (f) At week 12, HF offspring started to present impaired glucose intolerance. The impaired glucose tolerance of H1N offspring was maintained till week 12 (P = 0.039 vs CTL). The result are presented as mean ± s.e., n = 4-11.
Diet
Diet was purchased from Research Diets, LLC (New Brunswick, NJ, USA). The control diet (cat. no. D12450B) had an energy density of 3.771 kcal g − 1 (10% fat energy, 70% carbohydrate energy and 20% protein energy). The HF diet (cat. no. D12492) had an energy density of 5.157 kcal g − 1 (60% fat energy, 20% carbohydrate energy and 20% protein energy). The fat source is composed of 92% of lard and 8% of soybean oil. The concentrations of vitamins, minerals and proteins were modified to ensure that these nutrients in the HF diet were equivalent to those in the NF diet on a per kilocalorie basis.
Intraperitoneal injected glucose tolerance test
Offspring mice from each experimental group fasted overnight and were subsequently subjected to a intraperitoneal injected glucose tolerance test (IPGTT) early the next morning. Glucose tolerance tests were conducted with 20% D-glucose in 0.9% saline, so that the final concentration of the administered dose was 2.0 g/kg body weight (for details, please see the Supplementary Methods).
Statistical analysis
Differences among the control, NF, HF and H1N groups at the single time points, were analyzed by Fishers' least significant difference test such that the multiple comparisons between groups were taken into account. Fisher's least significant difference test was performed by first carrying out one-way analysis of variance for all four treatment groups. For the longitudinal data such as body weight and food consumption, a linear mixed model was used for the analysis of repeated measures with each individual mouse as a random effect. All analyses were carried out by using SAS JMP software (SAS Institute Inc., Cary, NC, USA) and R statistical programming language. 30, 31 we noticed gender-specific phenotype of the offspring induced by either a maternal H1N diet or a maternal HF diet (see Supplemental Materials and Supplementary Figure 1S for male and Figures 1b-f for female), suggesting sex-dependent mechanisms involved. Therefore, we investigated the impact of maternal diet switching on male and female offspring separately. In this study, we focused on the phenotypes and molecular mechanisms in the female offspring.
RESULTS
Consistent with previous reports,
The mean body weight of female offspring in the H1N group was significantly greater than that of female offspring in the HF group after 9 weeks of the postweaning HF diet Female offspring of the CTL dams weighed significantly less than female offspring in the HF (11.89 ± 0.43 vs 13.22 ± 1.27 g, P = 0.018) and H1N groups (11.89 ± 0.43 vs 13.47 ± 0.90 g, P = 0.009) at the time of weaning. There was no mean weight difference between CTL offspring and NF offspring at the time of weaning (Figure 1b) . The preweaning maternal diet had an obvious effect on the mean weight gain: analysis of repeated measures revealed that the female offspring of the H1N or HF group had significantly higher body weight over the entire 12 weeks compared with that of the CTL or NF group (P o 0.0001). For the period of weeks 10-12, the H1N group had significantly higher body weight compared with the HF (P = 0.035).
We measured the weight of subcutaneous fat, gonadal adipose tissue fat and the liver of mice in each group. There was no difference in the mean liver weight of the offspring among all four groups at week 12 ( Figure 1c) . However, the HF and H1N offspring had significantly greater subcutaneous fat than did the NF and control offspring. In addition, the H1N offspring had the largest gonadal fat pads among all groups ( Figure 1c ). As the H1N offspring experienced rapid catch-up growth from weeks 9 to 12, we hypothesized that a rapidly enlarged adipose depot contributed to the increased body weight. At week 9, female offspring of the HF and H1N groups had similar mean amounts of gonadal adipose tissue (Figure 1d , P = 0.055). Between weeks 9 and 12, the amount of gonadal fat pad increased twofold in the H1N offspring (Figure 1d ), whereas that of the HF offspring remained the same at weeks 9 and 12 ( Figure 1d ). H1N female offspring developed glucose intolerance as early as 9 weeks on a postweaning HF diet To determine whether H1N treatment would alter the glucose tolerance of female offspring on postweaning HF diets, we conducted IPGTTs at the end of weeks 9 and 12 (Figures 1e and f). As early as week 9, H1N offspring had an impaired glucose tolerance when compared with CTL offspring (P = 0.028) or NF offspring (P = 0.032). HF offspring first experienced impaired glucose tolerance at week 12 (P = 0.003 vs CTL offspring) rather than week 9 (P = 0.108 vs CTL offspring). The impaired glucose tolerance of H1N offspring continued until week 12 (P = 0.039 vs CTL offspring). At week 12, NF offspring had a trend toward higher blood glucose concentration during IPGTT, but it was not statistically higher compared with that of CTL when measured as the AUC (P = 0.104).
Body weight gain of H1N offspring was neither due to increased energy intake nor due to an association with maternal body weight change and glucose intolerance We considered whether differences in energy consumption caused the differences in body weight and adipose weight; therefore, the energy consumption of each mouse was calculated (number of kilocalories per week; Figure 2a ). Consistent with their body weight, CTL offspring consumed significantly fewer calories than the other groups through 12 weeks, as evaluated by repeated measures (P o0.0001): each CTL mouse took in~50 kcal per week, whereas offspring from other groups took in at least 70 kcal per week. Interestingly, there was a sudden decrease in energy intake by H1N offspring starting at week 9. The energy intake was significantly lower compared with that of the HF offspring during the following 3 weeks (Figure 2d ), despite the fact that the H1N offspring gained significant weight during the same period ( Figure 1a) . Therefore, it is clear that the body weight gain of H1N offspring was not due to increased energy intake.
Maternal factors such as obesity, significant gestational weight gain and glucose intolerance may independently contribute to the obesity phenotype observed in the offspring. [32] [33] [34] [35] [36] [37] We therefore evaluated the body weight change and glucose tolerance of the mothers before and after pregnancy. A 1-week maternal diet transition seemed not to cause body weight loss, as there was no difference in the body weight between HF and H1N mother before pregnancy (Figure 2b ). Although HF and H1N mothers were slightly heavier than CTL and NF mothers before pregnancy as a result of the 9-week HF diet (Figure 2b) , none of the mothers had gained body weight during pregnancy and the lactation period. The results of the IPGTTs of NF, HF and H1N mothers were similar to those of the CTL mothers before (Figure 2c A short-term transition from a maternal HF diet to an NF diet (H1N) exacerbated deleterious effects on insulin signaling Ser/Thr phosphorylation of insulin receptor substrate 2 (IRS2) proteins interferes with insulin signaling in several ways and is associated with insulin resistance. 38 We therefore evaluated the expression of IRS1 and phosphorylation of IRS1 at Ser 612 and Ser 636/639 in the liver and adipose tissue in offspring given a 9-week, postweaning HF diet. Expression levels of IRS1 in NF offspring were no different than those of CTL offspring, regardless of the tissue type analyzed (Figures 3a and d) . However, IRS1 levels of the three types of analyzed tissue in HF and H1N offspring were significantly lower compared with those in NF or CTL offspring (Figures 3a-d was not different among all four groups (Figures 3c and f) .
Insulin receptor substrate 2 (IRS2) is a cytoplasmic signaling molecule that mediates the effects of insulin by acting as a molecular adaptor between diverse receptor tyrosine kinases and downstream effectors;
39-41 therefore, we determined whether the maternal diet affects the expression of hepatic IRS2. Hepatic IRS2 expression in order from the group with the greatest to the one with the least was CTL4NF4HF≈H1N (Figures 3g and h ).
H1N female offspring expressed less Glut4 and Glut2 than HF offspring To elucidate the underlying mechanism(s) for the impaired glucose tolerance of HF and H1N offspring, we assessed the protein levels of Glut4, that is, the insulin-responsive glucose transporter protein, in gonadal adipose tissue, subcutaneous adipose tissue and liver. Compared with CTL offspring, the NF offspring had significantly lower levels of Glut4 expression in the gonadal adipose tissue and liver (Figures 4b, c , e and f) but a significantly greater levels in the subcutaneous fat (Figures 4a and d) . Glut4 expression in the adipose tissue, but not in the liver, of the HF offspring was significantly less than that in the NF offspring. Importantly, Glut4 expression in the H1N offspring was the lowest among all four groups regardless of tissue types (Figures 4a-f) .
Glut2 is required for hepatocyte glucose uptake but is dispensable for glucose output. [42] [43] [44] [45] We therefore evaluated the expression of hepatic Glut2. Compared with the NF diet, the HF diet did not affect Glut2 expression; however, the H1N offspring had significantly lower levels of hepatic Glut2 than did HF and NF offspring (Figures 4g and h ).
H1N offspring had increased expression of the inhibitory genes of hepatic glycogenesis and lower level of glycogen than did HF offspring We next investigated whether the impact of maternal diet on offspring insulin sensitivity was associated with an altered glucose metabolism. First, we tested the offspring hepatic glucose level 9 weeks after the postweaning HF diet. Hepatic glucose level in order from the group with the greatest to the one with the least was H1N4HF4NF4CTL (Figure 4i) . The hepatic glucose level in H1N offspring (9.439 μmol mg protein NF vs CTL). Exposure to a preweaning HF diet increased expression of Gsk3β, Phkα1 and Pyg to at least a normal level, but further inhibited Phkβ and Phkγ1 expression (Figure 4j , HF vs NF); this result suggested a moderate effect of a preweaning HF diet on glycogenesis inhibitor genes. Simultaneously, exposure to a preweaning HF diet enhanced mRNA level of genes involved in gluconeogenesis, including Fbp, G6pc and Pepck in the liver (Figure 4j , NF vs HF). Interestingly, a preweaning H1N diet increased the expression of Gsk3β, Phkα, Phkγ1 and Pyg than did the NF diet (Figure 4j, H1N vs NF) and increased the expression of Gsk3β, Phkβ and Phkγ1 than did the HF diet (Figure 4j, H1N vs HF) . However, expression levels of genes involved in gluconeogenesis of H1N offspring were normal. This result suggested an inhibitory effect of H1N treatment on glycogenesis. Consistent with this result, there was significant reduction in hepatic glycogen level seen in H1N offspring than in other groups (Figure 4k ). H1N offspring exhibited greater expression of genes involved in adipocyte lipogenesis than did HF offspring Since a very high hepatic glucose level was observed in H1N offspring, we asked if this glucose accumulation would stimulate lipid storage in the liver by measuring the hepatic triglyceride. The result showed that triglyceride content in the liver was not different in all four groups on either a 9-week or a 12-week postnatal HF diet (Figure 5a) .
We evaluated insulin-responsive lipogenesis in adipose tissue by measuring the expression of Acc1, Fas and Srebp-1 genes. Exposure of offspring to a postweaning HF diet (NF offspring) had an overall moderate impact on adipose lipogenesis: expression of Srebp-1 was increased in subcutaneous fat, but Acc1 expression was reduced in both subcutaneous and gonadal fat (Figures 5b and c, NF vs CTL) . A preweaning HF diet resulted in normal levels of Acc1 expression in subcutaneous adipose tissue but decreased in gonadal adipose tissue, whereas the Srebp-1 expression level was higher than normal in both subcutaneous and gonadal adipose tissue (Figures 5b and c, HF vs CTL) . The preweaning H1N diet had a remarkable effect on lipogenesis: Acc1, Fas and Srebp-1 were overexpressed in subcutaneous and gonadal adipose tissue (Figures 5b and c) . This effect in gonadal adipose tissue was quite distinct: expression of Acc1 and Fas in H1N offspring was very high in relation to that in either NF offspring or HF offspring. 
DISCUSSION
Overconsumption of energy throughout the reproductive cycle is responsible for short-and long-term maternal health risks, including obesity, diabetes and cardiovascular disease. It is believed that maternal obesity and excessive gestational weight gain alter the intrauterine environment and contribute to an increased risk of obesity in offspring. 8, 46, 47 Current evidence to advocate preconception weight loss in humans to decrease the risk of childhood obesity is mostly from association studies of surgically induced interpregnancy weight loss in mother and incidence of obesity in children. [48] [49] [50] [51] [52] [53] [54] These studies reported that children delivered after surgery have lower risks of being overweight and obese than do their siblings born before surgery. Of note, these surgeries are also likely to alter patients' eating habits, and this effect may contribute to the improvement in the child's overall health status in addition to maternal weight loss. Other studies of interpregnancy weight loss achieved by adopting a healthy lifestyle before pregnancy that consisted of a balanced diet and regular physical activity have shown to reduce the risk of gestational diabetes and preeclampsia, [55] [56] [57] but the improvement of pregnancy outcome on children is unknown.
Current recommendations from the National Institute for Health and Care Excellence, the American Congress of Obstetricians and Gynecologists and the Royal Australian and New Zealand College of Obstetricians and Gynecologists are that women of childbearing age should modulate their body mass index to a value within the normal range before conception by engaging in lifestyle changes such as moderate increases in exercise activity or improvements in quality of diets. [58] [59] [60] [61] To obese/overweight women who have high risks of gestational diabetes mellitus, intervention is urgently needed to reduce the risk for poor maternal and child health outcomes. According to the Academy's gestational diabetes mellitus Evidence-Based Nutrition Practice Guideline (http://andevidencelibrary.com/topic.cfm?cat=3733), registered dietitian nutritionists can provide valuable guidance to these women about healthy food selection and optimal weight before, during and postpregnancy. However, there is no evidencebased strategy regarding the optimal duration of the dietary intervention or the most beneficial rate of maternal weight loss. The lack of data support about this critical issue may be due, in part, to the difficulty of carrying out large-scale cohort human studies.
Using mouse models, we tested a strategy of a short-term transition from an HF diet to an NF diet 1 week before pregnancy and maintaining this diet until weaning (H1N diet). This diet was evaluated for its impact on the metabolic response of the offspring during adult life. This model describes and reflects the situation of a rapid diet switch from an unhealthy toward a healthier one, without body weight loss, before pregnancy, and thus provides evidence regarding whether the maternal diet change independent of preconception weight loss would reduce the risk of offspring obesity. Surprisingly, the H1N diet did not ameliorate but exacerbated offspring obesity and obesity-related complications via increased mean body weight and increased gonadal adipose tissue, earlier onset of glucose intolerance, desensitized insulin signaling, decreased Glut4 and Glut2 expression, inhibited hepatic glycogen synthesis and increased expression of lipogenesis and adipogenesis genes in gonadal adipose tissue in our mouse model of diet-induced obesity vs NF or HF offspring ( Figure 6 ). Notably, NF female offspring is neither obese nor glucose intolerant, consistent with previous reports that female mice are protected against an HF diet-induced metabolic syndrome, 30, 62 whereas a preweaning H1N diet seemed to block the natural protection of female offspring upon postnatal HF diet. This detrimental effect of the H1N diet on offspring obesity was independent of maternal weight change as well as maternal glucose intolerance. Our results suggest that a short-term switch in maternal diet without weight loss before pregnancy is not necessarily beneficial and may even be harmful to offspring health.
We sought to investigate at the molecular level how the H1N diet caused severe obesity and early onset of glucose intolerance in offspring. Phosphorylation at Ser 636/639 and Ser 612 negatively regulates insulin signaling and is involved in insulin resistance. 63 Mice lacking IRS2 develop lethal diabetic ketoacidosis as a result of combined insulin resistance and insulin deficiency. 39, 64 Compared with the HF diet, the preweaning H1N diet caused increased and Ser 612 -IRS in gonadal adipocytes, compared with HF diet. Hepatic IRS2 expression was also disrupted by the H1N diet. In addition, H1N diet decreased the expression of adipocyte and hepatic Glut4 and hepatic Glut2, and reduced hepatic glycogen storage associated with increased expressions of genes inhibiting glycogenesis. These all contributed to the imbalanced glucose homeostasis. Furthermore, there were increased expressions of Srebp-1c, Acc1, Fas, Ppar-γ and C/ebp in gonadal adipocytes that contributed to enhanced lipogenesis, as well as enhanced adipogenesis associated with enlarged gonadal adipose tissue when compared by HF.
phosphorylation of Ser 636/639 and Ser 612 of IRS1 in adipocytes. In addition, hepatocytes in H1N offspring had significantly lower levels of IRS2 compared with NF offspring. These results suggested repressed insulin signaling as a potential mechanism of reprogramming induced by the H1N diet. In addition, decreased Glut4 in adipocytes and hepatocytes in the H1N offspring compared with the HF offspring might contribute to less insulin-responsive glucose transport as well. Our results suggested that the maternal H1N diet predisposed and reprogrammed the insulin response in offspring adipocytes and hepatocytes.
A previous study of non-human primates demonstrated that a maternal HF diet led to elevated hepatic expression of gluconeogenic enzymes and that switching the maternal HF diet to a lowfat diet during a subsequent pregnancy normalized gluconeogenic enzyme expression. 65 Our results are consistent with this report that increased expressions of key genes of gluconeogenesis in hepatocytes were observed in the HF offspring but not in the H1N offspring. We reported decreased levels of hepatic glycogen associated with greatly enhanced levels of glycogenesis inhibitors in H1N offspring, which might contribute to its extremely high level of hepatic glucose. These results suggested that the preweaning HF diet and H1N diet both altered glucose metabolism but went through different metabolic events.
That impaired glucose metabolism via insulin resistance coexists with preserved lipid metabolism is known as 'selective insulin resistance'. 66, 67 Exposure to a preweaning H1N diet raised expression of the de novo lipogenesis genes Acc1, Fas and Srebp-1 on a 9-week postweaning HF diet. A preweaning H1N diet significantly raised Ppar-γ and C/Ebp expression in adipose tissue vs preweaning NF diet, whereas the preweaning HF diet resulted in moderate overexpression of those genes. As we observed, severe obesity, adipocyte hypertrophy and rapid growth of gonadal adipose tissue were more prominent in the H1N offspring than in the HF offspring at postweaning week 12. We noticed significant growth of the H1N offspring starting at postweaning week 9, when glucose intolerance was reported but adipocyte hypertrophy or inflammation as shown in Supplementary Figures 2S and 3S was not observed. This evidence supports the hypothesis that early catch-up fat of the H1N offspring is not associated with overt adipocyte hypertrophy or inflammation. 68 These results suggested that a preweaning H1N diet programmed the pathophysiological changes of adipose tissue at least partially through the upregulation of genes involved in adipogenesis and lipogenesis.
Do the exacerbation of offspring obesity and glucose intolerance associated with the maternal H1N diet suggest that switching from an HF diet to an NF diet before pregnancy is harmful for offspring health and thus should be avoided? One previously reported hypothesis is that the postweaning diet needs to match the perinatal diet to minimize the detrimental effect on offspring health. 69 However, the detrimental effect of an HF diet on pregnant mothers and their offspring has been revealed previously, and our results clearly showed that a maternal HF diet matched with the offspring HF diet (HF group) neither reduced the gain in offspring body weight nor ameliorated glucose intolerance, but actually promoted the female offspring obesity. Therefore, an HF diet during pregnancy and childhood is not recommended. Another hypothesis is that such a rapid switch results in a relative state of 'dietary restriction' during pregnancy because the maternal body had adapted to the long-term HF diet and the 1-week transition was not long enough for readjustment. Thus, a thrifty phenotype hypothesis might partially explain the earlier onset of glucose intolerance in the H1N offspring than in the HF offspring. 70, 71 It is possible that a longer transition period from an HF diet to an NF diet would allow maternal readaptation for an optimized environment in utero. This hypothesis is partially supported by results of a recent study: compared with the offspring of dams consistently given an HF diet until weaning, offspring of dams switched from a long-term HF diet to an NF diet 8 weeks before pregnancy showed decreased neonatal adiposity and body weight gain. 29 Future studies are needed to evaluate the impact of different durations of diet transition before pregnancy on the in utero reprogramming of offspring.
In summary, our study has suggested that a transition from an HF diet shortly before pregnancy, without resulting in weight loss, is not necessarily beneficial and may even be harmful to offspring. Thus, it is important to ensure that any recommended prenatal dietary interventions are evidence based to have potential metabolic benefits for the offspring. Our findings are of great importance for designing clinical trials to evaluate the urgently required intervention strategies aiming to minimize the intergenerational cycle of obesity.
